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A joint on an aircraft, the joint comprising: a first component; 
a second component joined to the first component; and a 
bonding lead which forms an electrical connection between 
the components with a resistance between 100 kS2 and 10 
MS2. Surprisingly, it has been found that a bonding lead with 
a relatively high resistance can be used without seriously 
compromising the static discharge performance of the bond 
ing lead, and that the resulting comparatively low flow of 
current reduces the risk of sparking in the event of an light 
ning strike. Bonding leads may be provided as a kit of parts in 
which at least two of the bonding leads have different lengths 
and the longer lead is formed from a material having a higher 
bulk conductivity than the shorter lead. Thus the bonding 
leads can be made with approximately similar resistances 
regardless of their lengths. 
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Figure 1 
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Figure 4a 
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AIRCRAFT JOINT AND BONDING LEAD 

FIELD OF THE INVENTION 

0001. The present invention relates to an aircraft joint, a 
bonding lead for use in Such a joint, a method of preventing 
sparking across Such a joint, and a kit of parts comprising two 
or more bonding leads. 

BACKGROUND OF THE INVENTION 

0002 There is a risk in aircraft fuel systems of a build up 
of static electricity on one component in comparison to 
another component to which it is connected. In the prior art, a 
so-called bonding lead is connected to each side of the joint in 
order to electrically connect the components and prevent 
static build up. An example of Such a bonding lead is 
described in the prior art section of US2008/0078880. 
0003 Bonding leads are traditionally made of highly con 
ductive materials in different forms. These satisfy equipoten 
tial and electrostatic discharge requirements but allow the 
flow of lightning current across the joint. There is a risk that 
a break in Such a bonding lead can result in intermittent 
contact and a source of sparking should high levels of elec 
tricity flow in the lead, for instance during a lightning strike. 
0004 An example of this problem is shown in FIGS. 14 
and 15. A bonding lead 62 couples a pair of fuel pipes 60, 61 
across a joint between the pipes. The pipes are fitted within a 
fuel tank, close to a fuel tank wall 63. If the lead 62 breaks, the 
resulting two parts 62a, 62b will hang down as shown in FIG. 
15 and there is a risk that one of the parts (in this case 62b) will 
make intermittent contact with the fuel tank wall 63. 
0005. The present invention seeks to reduce this risk but 
continue to ensure that static charge cannot build to nuisance 
or dangerous levels. 

SUMMARY OF THE INVENTION 

0006. A first aspect of the invention provides a joint on an 
aircraft, the joint comprising: a first component; a second 
component joined to the first component; and a bonding lead 
which forms an electrical connection between the compo 
nents with a resistance between 100 kS2 and 10 MS2. 
0007. A further aspect of the invention provides a method 
of preventing sparking across a joint on an aircraft, the 
method comprising: electrically connecting components of 
the joint with each other with a bonding lead, the bonding lead 
having an electrical resistance between 100 kS2 and 10 MS2; 
dissipating static charge between the components by means 
of the bonding lead; and passing lightning current between 
the components by means of the bonding lead. 
0008 Surprisingly, it has been found that a bonding lead 
with a relatively high resistance can be used without seriously 
compromising the static discharge performance of the bond 
ing lead, and that the resulting comparatively low flow of 
current reduces the risk of sparking in the event of a lightning 
strike. 
0009 Typically the bonding lead has a resistance lower 
than 1 MS2. 
0010 Typically the bonding lead has a resistance higher 
than 200 kSP 
0011. The bonding lead may be provided with connection 
holes or other means for connecting the bonding lead to the 
first and/or second component. In this case the bonding lead 
may have two or more connection holes arranged in a line at 
one end of the bonding lead, whereby the bonding lead can be 
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cut to size by cutting between an adjacent pair of the two or 
more connection holes. In this case typically only a single 
hole is provided at the other end. 
0012. The bonding lead may have a spring-like shape, 
Such as a corrugated or helical shape. 
0013 Typically at least part of the bonding lead comprises 
an elastomer loaded with a conductive filler and which forms 
at least part of the path of least electrical resistance provided 
by the bonding lead. The conductive filler may be carbon, 
preferably in the form of carbon black or carbon nanotubes. 
The concentration of the conductive filler is selected such that 
the part of the path of least electrical resistance formed by the 
elastomer has a resistance between 100 kS2 and 10 MS2, or 
more preferably between 100 kS2 and 1 MS2. The bonding 
lead may consist solely of elastomer loaded with conductive 
filler. Alternatively the bonding lead may comprise a conduc 
tive core (which may be metallic or may comprise an elas 
tomer loaded with a conductive filler) and a sheath which 
comprises an elastomer loaded with a conductive filler, covers 
a Substantial length of the core and has a lower electrical 
conductivity than the core, wherein the path of least electrical 
resistance between the first component and the core of the 
bonding lead comprises the sheath. 
0014. One or both of the components in the joint may be a 
fuel pipe, a hydraulic pipe, an air pipe, a wall of a fuel tank, an 
access panel in a wall of a fuel tank, or any other part of an 
aircraft which is in contact with fuel when in use (in liquid or 
vapour form) or has the potential of doing so. 
0015 The bonding lead may be held at a first end, and 
optionally at a second end, by a strap which passes around a 
respective pipe and clamps the bonding lead against the pipe. 
0016. The bonding lead may be provided on a roll which is 
cut to size as required to produce a set of individual leads. 
However a problem with this is that the leads may be cut to the 
wrong lengths, resulting in an electrical resistance which is 
either too high or too low. Thus a further aspect of the inven 
tion provides a kit of parts comprising two or more bonding 
leads with an electrical resistance between 100 kS2 and 10 
MS2, wherein at least two of the bonding leads have different 
lengths and the longer lead(s) is formed from a material 
having a higher bulk conductivity than the shorter lead(s). 
Thus the bonding leads can be made with approximately 
similar resistances regardless of their lengths. 
0017. A further aspect of the invention provides a bonding 
lead with an electrical resistance between 100kS2 and 10MS2, 
wherein at least part of the bonding lead is formed from an 
elastomer loaded with a conductive filler, and wherein the 
concentration of the conductive filler is selected such that the 
electrical resistance of the bonding lead is between 100 kS2 
and 10 MS2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 Embodiments of the invention will now be 
described with reference to the accompanying drawings, in 
which: 
0019 FIG. 1 shows a kit of three bonding leads according 
to an embodiment of the invention; 
0020 FIG. 2 is a sectional view of a joint according to an 
embodiment of the invention; 
(0021 FIG. 3 is a sectional view of the joint of FIG. 2 with 
a first alternative connection arrangement; 
(0022 FIG. 4 is a sectional view of the joint of FIG. 2 with 
a second alternative connection arrangement; 
0023 FIG. 5 shows a corrugated bonding lead; 
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0024 FIG. 6 shows a pair of straps clamping a bonding 
lead to a pair of fuel pipes; 
0025 FIG. 7 is a longitudinal sectional view of a two-part 
bonding lead according to an embodiment of the invention; 
0026 FIG. 8 is an end view of the bonding lead of FIG. 7: 
0027 FIG. 9 is a sectional view of a joint according to an 
embodiment of the invention; 
0028 FIG. 10 is a sectional view showing a connection 
clip being pulled back and the bonding lead inserted; 
0029 FIG. 11 is a sectional view showing the clip clamp 
ing the bonding lead against a connection tab: 
0030 FIG. 12 is a perspective view of the arrangement of 
FIG. 11 but with the tab omitted; 
0031 FIG. 13 is a perspective view showing a bonding 
lead according to a further embodiment of the invention; 
0032 FIG. 14 is a schematic view of a conventional high 
conductivity bonding lead; and 
0033 FIG. 15 shows the bonding lead in a broken state. 

DETAILED DESCRIPTION OF 
EMBODIMENT(S) 

0034 FIG. 1 shows a kit of parts comprising three bonding 
leads 1-3. Each bonding lead comprises a conductive elas 
tomer: that is, an elastomer loaded with conductive filler. One 
suitable filler material would be a fluorosilicone loaded with 
carbon black particles or carbon nanotubes. 
0035. The elastomer is reinforced by a fabric element (not 
shown). This fabric may be formed from a conductive mate 
rial if desired to increase the electrical conductivity of the 
bonding lead. This may be necessary for longer lengths of 
bonding leads. 
0036) Each bonding lead is pre-cut with a first attachment 
hole 4 at one end, and a set of five attachment holes 5-9 in a 
line at the other end. The leads 1-3 have different lengths 
which can be selected in accordance with the geometry of the 
joint. Also, one of the attachment holes 5-9 can be selected as 
required. Thus for example the attachment hole 5 can be 
selected to give a minimum length (and hence minimum 
resistance) or the hole 9 selected to give a maximum length 
(and hence a maximum resistance). 
0037. The leads 1-3 are formed from materials having 
different bulk conductivities, so that their resistances are 
approximately equal. That is, the concentration of nanotubes 
is greatest for the material forming the longest lead 1, and 
least for the material forming the shortest lead 3. 
0038 FIG. 2 shows a fuel pipe joint 10 on an aircraft. The 

joint comprises a socket 12, in which a pipe end fitting 13 is 
located, an O-ring seal 14 sealing the contact between the 
Socket and the pipe end fitting, and a threaded connection 
shaft 15 welded to the fuel pipe connected to the pipe end 
fitting 13. A further threaded connection shaft 16 is machined 
on the Socket arrangement and a bonding lead is arranged 
between the two connection shafts 15, 16 electrically con 
necting one side of the joint to the other. The bonding lead 2 
provides the path of least electrical resistance between the 
two components, the O-ring seal 14 being highly resistive. 
0039. In the example of FIG. 2, bonding lead 2 has been 
used, and the hole 8 has been selected to receive the connec 
tion shaft 15. Nuts 17, 18 are fitted onto the connection shafts 
15,16 to press the bonding lead against the fuel pipe and 
socket 12 respectively. After the lead has been connected it is 
cut by a knife or pair of scissors between the hole 8 and the 
hole 9, to remove the excess length. 
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0040. An alternative connection arrangement for the 
bonding lead is shown in FIG.3. In this case L-section brack 
ets 20, 21 made of reinforced elastomer are bonded or co 
cured in place as shown. The bonding lead 2 is secured to the 
brackets by nuts 22, 25 and bolts 23, 24. 
0041. A further alternative bonding lead arrangement is 
shown in FIGS. 4a and 4b. In this case the bonding lead 30 
comprises an integral fastener 31 at one end, and three holes 
arranged in a line at the other end. A removable fastener 32 is 
shown in FIG. 4a fitted into the end one of the holes. The 
fastener 32 may moulded from a resilient plastic material, or 
formed from metal with a pair of resilient arms. 
0042. The bonding lead 30 is fitted to a joint as shown in 
FIG. 4b. The integral fastener 31 is fitted into a hole in a tab 
32, the sides of the head of the fastener compressing as they 
pass through the hole and then springing back to their original 
shape as shown in FIG. 4b to lock into place. The fastener 32 
is then passed through a selected one of the holes in the 
bonding lead (in this case the end hole has been selected) and 
fitted to a tab 33 in a similar manner to the fastener 31. 
0043 FIG. 5 shows an alternative bonding lead 40 formed 
with a spring-like sinusoidal corrugated shape. This enables 
the bonding lead to expand and contract in the manner of a 
spring. Other spring geometries may also be used Such as 
helical. 
0044 FIG. 6 shows a further alternative bonding lead 
arrangement. A bonding lead 50 (with no holes) is clamped 
against a pair of fuel pipes 53, 54 by straps 51, 52 which pass 
around the fuel pipes 53, 54 and are secured by cable-tie 
fittings 55, 56. 
0045. The various bonding leads described above are 
formed from a conductive elastomer: that is, an elastomer 
mixed with a conductive filler such as carbon black. The 
bonding leads are designed to form an electrical connection 
between the components with a relatively high electrical 
resistance between 100 kS2 and 10 MS2, or more typically 
between 200 kS2 and 1 MS2. 
0046. The benefits of the elastomeric bonding leads shown 
in FIGS. 1-6 are detailed below: 

0047. The elastomer and reinforcing fabric both have 
lower densities than the conventional metallic design, 
copper (8.23) compared to elastomer (1.1-1.3), enabling 
a potential weight saving. 

0.048. The reinforced elastomer bonding lead can be 
produced as a simple moulded part, which is a relatively 
low cost process, whereas conventional bonding leads 
are constructed from multiple complex components 
with a multiple stage manufacturing process. 

0049. The bonding lead can be connected to the struc 
ture using 'snap & click” technology as shown in FIG. 
4b, or simplified tools. 

0050. A single bonding lead size can connect bonding 
points over a range of separation distances, reducing the 
number of different bonding lead lengths required. 

0051. The lead is produced as a single moulded part that 
is attached to the structure; some attachment systems 
can be incorporated into the lead as an integral part (as in 
FIG. 4a) further reducing the number of parts. 

0.052 The number of holes in the structure required to 
attach bonding leads would not be increased, certain 
designs (for instance FIG. 6) removing the need for 
holes in the structure entirely. 

0053. The use of elastomer removes causes of compo 
nent failure of metallic bonding leads, extending the 
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service life to potentially the life of the aircraft. The 
service life of surrounding structure could also be 
extended, as damage due to impact with an elastomeric 
bonding lead is less damaging than a metallic bonding 
lead. 

0054 Reduced material compatibility issues between 
the bonding lead and the Surrounding structure, for 
example galvanic corrosion. 

0055. No corrosion issues with the elastomer. 
0056 Elastomeric components require no finishing, 
plating or coating. 

0057 Greatly reduced fatigue issues. 
0.058 Reduced fretting between individual wires. 

0059 FIGS. 7 and 8 show a bonding lead 101 comprising 
an electrically conductive core 102 and a sheath 103. 
0060. The core 102 may be formed from a variety of 
highly conductive materials: for instance a metal Such as 
copper; carbon rope; lightweight carbon nanotube wiring; or 
an elastomer loaded with a conductive filler dispersed 
throughout the elastomer. Suitable elastomers include fluo 
rosilicone and suitable fillers include carbon black or carbon 
nanotubes. 
0061. The sheath 103 is formed from an elastomer loaded 
with a conductive filler dispersed throughout the elastomer. 
Suitable elastomers include fluorosilicone and suitable fillers 
include carbon black or carbon nanotubes. 
0062. The core 102 and the sheath 103 may be formed 
from the same elastomeric matrix material and the same 
conductive filler (such as carbon nanotubes) but with the 
density of the conductive filler being higher in the core 102 
than in the sheath 103. 
0063. The sheath 103 protects the core 102 and extends 
along its full length. The core 102 may be exposed at each end 
as shown in FIG. 7, or may be fully encapsulated by the 
sheath, including at both ends. 
0064. As well as protecting the core 102, the sheath 103 
also minimises damage to Surrounding structure due to 
impact with the bonding lead, as well as reducing fretting 
between any adjacent bonding leads, since the elastomeric 
material is relatively soft and thus less damaging than an 
unsheathed metallic bonding lead. The sheath 103 also 
reduces material compatibility issues between the bonding 
lead and the Surrounding structure, for example galvanic cor 
rosion. 
0065 FIG.9 shows a fuel pipejoint 110 on an aircraft. The 
joint comprises a socket 112, in which a pipe end fitting 113 
is located, an O-ring seal 114 sealing the contact between the 
Socket and the pipe end fitting, and a connection tab 115 
welded to the fuel pipe 116 connected to the pipe end fitting 
113. A further connection tab 117 is machined on the socket 
112 and the bonding lead 101 is arranged between the two 
connection tabs 115, 117 to provide an electrical pathway 
connecting one side of the joint to the other. The bonding lead 
101 provides the path of least electrical resistance between 
the two components, the O-ring seal 114 being highly resis 
tive. 
0066. The bonding lead 101 is designed to form an elec 

trical connection between the connection tabs 115, 117 with 
a relatively high electrical resistance between 100 kS2 and 
10 MS2, or more typically between 200 kS2 and 500 kS2. 
0067. This is achieved by suitable selection of the follow 
ing parameters: 

0068 the density of conductive filler in the sheath 
0069 the thickness of the sheath 
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0070. Note that the conductivity of the material forming 
the sheath is much lower than the conductivity of the core 
(typically by a factor of more than 100) but also much higher 
than the conductivity of conventional electrical cable sheaths. 
0071 FIG. 10 is a sectional view showing how the bond 
ing lead 101 is attached to the connection tab 115. A similar 
connection arrangement is provided between the bonding 
lead and the other tab 117. A resilient clip 120 is bolted to the 
tab by a bolt (not shown) and pulled back as indicated by 
arrow 121 so the lead 101 can be pushed into place as shown 
by arrow 122. The clip 120 is then released and springs back 
into place, clamping the outer surface 105 of the sheath to the 
tab 115 as shown in FIG. 11. FIG. 12 is a perspective view 
which shows the clip 120 but omits the tab 115. 
0072 The clip 120 may be formed from metal, or a non 
conducting material. Optionally the sheath 103 may be 
formed with a series of annular grooves, spaced apart along 
the length of the cable, each groove having a width approxi 
mately the same as the width of the clip 120. The clip 120 can 
then be received in the groove to prevent the bonding lead 
from slipping lengthwise relative to the clip. 
0073. In contrast with a conventional connection with a 
sheathed electrical cable (in which the sheath is removed to 
enable a low resistance connection to be made with the con 
ductive core) the path of least electrical resistance along the 
bonding lead 101 between the tab 115 and the core 102 is 
provided by the sheath 103 in series with the core 102. The 
same arrangement is present at the other end of the cable, so 
the path of least resistance between the tabs 115 and 117 runs 
along the length of the core and through the sheath at both 
ends. As a result substantially all of the current conducted by 
the bonding lead is carried along a relatively high resistance 
electrical pathway which comprises the sheath at both ends in 
series with the core. 

0074 The bonding lead is provided on a roll, and any 
desired length of the lead can be cut from the roll depending 
on the distance between the tabs 115, 117. Since the electrical 
resistance along the length of the core is negligible, the total 
resistance of the bonding lead between the tabs 115, 117 is 
approximately twice the resistance of the path across the 
sheath, regardless of the length of the lead. 
(0075. An alternative bonding lead 130 is shown in FIG. 13. 
The lead 130 is identical to the lead 101, the only difference 
being the provision of a connection flange 131 which is inte 
grally moulded with the sheath 133 and formed from the same 
material. The flange 131 runs along the full length of the 
bonding lead. After a suitable length of cable has been cut 
from the roll, a pair of bolt holes 134, 135 is punched into the 
flange 131 at each end. Alternatively bolt holes may be pre 
formed along the length of the flange. The flange 131 is 
attached to one of the connection tabs 115, 117 by bolts (not 
shown) which pass through the bolt holes 134,135 and the tab 
115, 117. The bolts are electrically conductive so as to form a 
low resistance connection between the tab 115, 116 and the 
flange 131. 
0076. In this case the path of least electrical resistance 
between each bolt and the core 132 comprises a first path 
across the flange between the bolt and the edge of the sheath 
133, and a second path between the inner and outer surfaces 
of the sheath 133. Therefore the electrical conductivity of the 
sheath may need to be slightly higher than in the embodiment 
of FIGS. 7-12 to ensure that the total electrical resistance of 
the bonding lead falls within the correct range. 
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0077. If either of the bonding leads 101, 130 breaks, 
resulting in one of the halves making intermittent contact with 
the fuel tank wall (as in FIG. 15), then the risk of sparking is 
mitigated by two factors: 

0078 the relatively high resistance of the bonding lead 
limits the current flow; and 

0079 the fact that the metallic core is shielded along its 
length reduces the risk of intermittent contact compared 
with the case of an unshielded metal bonding lead as in 
FIG. 15. 

0080. Although the invention has been described above 
with reference to one or more preferred embodiments, it will 
be appreciated that various changes or modifications may be 
made without departing from the scope of the invention as 
defined in the appended claims. 

1. A joint on an aircraft, the joint comprising: a first com 
ponent; a second component joined to the first component; 
and a bonding lead which forms an electrical connection 
between the components with a resistance between 100 k2 
and 10 MS2. 

2. The joint of claim 1 wherein the first and second com 
ponents comprise pipes. 

3. The joint of claim 1 wherein the bonding lead is held at 
the first end, and optionally at the second end, by a strap 
which passes around a respective pipe and clamps the bond 
ing lead against the pipe. 

4. The joint of claim 1 wherein at least one of the compo 
nents comprises a wall of a fuel tank. 

5. The joint of claim 1, wherein the electrical connection 
formed by the bonding lead has a path of least electrical 
resistance between 100 kS2 and 10 MS2. 

6. The joint of claim 5, wherein at least part of the path of 
least electrical resistance is formed from an elastomer loaded 
with a conductive filler, and wherein the concentration of the 
conductive filler is selected such that the part of the path of 
least electrical resistance formed by the elastomer has a resis 
tance between 100 kS2 and 10 MS2. 

7. The joint of claim 6 wherein the concentration of the 
conductive filler is selected such that the part of the path of 
least electrical resistance formed by the elastomer has a resis 
tance between 100 kS2 and 1 MS2. 
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8. A method of preventing sparking across a joint on an 
aircraft, the method comprising: 

electrically connecting components of the joint with each 
other with a bonding lead, the bonding lead having an 
electrical resistance between 100 kS2 and 10 MS2; 

dissipating static charge between the components by 
means of the bonding lead; and 

passing lightning current between the components by 
means of the bonding lead. 

9. The method of claim 8 wherein at least part of the 
bonding lead is formed from an elastomer loaded with a 
conductive filler which dissipates the static charge and passes 
the lightning current. 

10. A bonding lead with an electrical resistance between 
100 kS2 and 10 MS2, wherein at least part of the bonding lead 
is formed from an elastomer loaded with a conductive filler, 
and wherein the concentration of the conductive filler is 
selected such that the electrical resistance of the bonding lead 
is between 100 kS2 and 10 MS2. 

11. The bonding lead of claim 10 further comprising one or 
more connection holes for connecting the bonding lead to a 
component, the connection holes passing through the elas 
tOmer. 

12. The bonding lead of claim 11 further comprising two or 
more connection holes arranged in a line at one end of the 
bonding lead and passing through the elastomer, whereby the 
bonding lead can be cut to size by cutting between an adjacent 
pair of the two or more connection holes. 

13. The bonding lead of claim 10 wherein the concentra 
tion of the conductive filler is selected Such that the electrical 
resistance of the bonding lead is between 100 kS2 and 1 MS2. 

14. A kit of parts comprising two or more bonding leads 
with an electrical resistance between 100 kS2 and 10 MS2, 
wherein at least two of the bonding leads have different 
lengths and the longer lead is formed from a material having 
a higher bulk conductivity than the shorter lead. 

15. The kit of claim 14, wherein the material comprises an 
elastomer loaded with conductive particles; and wherein the 
concentration of conductive particles is greater for the mate 
rial forming the longer lead(s) than for the shorter lead(s). 
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